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DESCRIPTION 

ANTENNA UNIT 

5 TECHNICAL FIELD 

This invention relates to an antenna unit adapted to be connected to 
an electronic device for transmitting a received radio signal to the electronic 
device. 

10 BACKGROUND ART 

Japanese Non-examined Patent Publication No, 2000-292522 
discloses an antenna unit for GPS (Global Positioning System). This 
antenna unit is adapted to be inserted into an electronic device, such as a 
PDA and a notebook, and receives a satellite signal from a GPS satellite 

15 and transmits data, such as an actual location, to the electronic device. In 
this antenna unit, the distance from the electronic device to an antenna built 
Into this antenna unit can be extended so as to reduce the possibility that 
noise generated at a CPU, etc. of the electronic device Is propagated 
through midair and affects the antenna unit. 

20 By the way, the noise transmitted from the electronic device to the 

antenna unit includes noise transmitted from the device to the unit through a 
ground line that connects between a ground of the electronic device and that 
of the antenna unit, in addition to the noise propagated through midair, as 
mentioned above. If the noise of the ground line is transmitted to the 

25 antenna unit, it may reduce the receiver sensitivity of the antenna unit 
because it may destabilize a ground level and destroy the waveform of the 
received radio signal. Although the above-mentioned antenna! unit can 
reduce the noise propagated through midair, it can not reduce the noise 
transmitted through the ground line. 
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DISCLOSURE OF THE INVENTION 

In view of the above problem, the object of the present invention is to 
provide an antenna unit which can reduce the noise transnnitted to the 
antenna unit from an electronic device through the ground line and prevent 
5 the reduction of the receiver sensitivity. 

The antenna unit in accordance with the present invention is adapted 
to be connected to an electronic device for transmitting a received radio 
signal to the electronic device, and comprises an antenna, a signal 
processing module, a substrate, a terminal interface, an electromagnetic 

10 shield, and a case. The antenna receives a radio signal. The signal 

processing module converts the radio signal received by the antenna into 
signal data to be transmitted to the electronic device. The substrate carries 
the antenna and the signal processing module, and has a circuit ground 
forming a ground of the signal processing module. The terminal interface 

15 has an array of terminals for electrical connection with the electronic device, 
and includes a ground line leading from a ground terminal provided in the 
array of terminals to the circuit ground. The electromagnetic shield 
surrounds the signal processing module so as to electromagnetically isolate 
the signal processing module from the antenna, and is electrically connected 

20 to the circuit ground. The case is made of insulating resin, and 

accommodates therein the antenna, the substrate, the signal processing 
module, the terminal interface, and the electromagnetic shield while 
exposing the array of terminals. 

The feature of the present invention resides in that the antenna unit 

25 further includes a noise canceller for canceling noise generated in the 
electronic device and transmitted to the circuit ground through the ground 
line. The noise canceller comprises a conductive stub piece one end of 
which is electrically connected to the electromagnetic shield and the other 
end of which is a free end, and the stub piece has a length of about 1/4 of a 

30 wavelength of the radio signal. 
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By providing the stub piece, a part of tlie noise transmitted to the 
electromagnetic shield through the ground line is branched to the stub piece. 
Since the length of the stub piece is about 1/4 of the wavelength of the radio 
signal, the noise having the same frequency as the radio signal will lag 180 
5 degrees behind noise which was not branched to the stub piece, when the 
noise goes to and from the stub piece one time, namely when the noise 
travels a distance of one-half of the wavelength. Therefore, the noise 
which was branched to the stub piece and the noise which was not 
branched to the stub piece cancel each other out, so that the noise can be 
10 reduced. 

Thus, by the noise canceller, the antenna unit of the present invention 
can reduce the noise having the same frequency as the radio signal among 
the noise transmitted to the antenna unit from the electronic device through 
the ground line, so that it can prevent reduction of the receiver sensitivity. 
15 The stub piece may be made of a wire, or may be formed by cutting a 

part of the electromagnetic shield and bending it. 

Or, the stub piece may be a rod member which is extendable relative 
to the case. 

Or, the stub piece may be a rod member, and the case may have a 
20 receptacle on an outer bottom thereof whose inner surface is electrically 
connected to the electromagnetic shield, and one end of the stub piece may 
be inserted into the receptacle and electrically connected to the 
electromagnetic shield through the inner surface of the receptacle. 

Or, the stub piece may be a rod member one end of which is pivotally 
25 supported on the outer bottom of the case. 

Or, the stub piece may be in the form of a flat plate. In this case, 
preferably, the stub piece is disposed on the outer bottom of the case and is 
provided with a vertical plate which electromagnetically insulates the 
antenna unit from the electronic device when the antenna unit Is connected 
30 to the electronic device. By providing the vertical plate, the noise 
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propagated through midair can also be easily cut off. It is also preferable 
that the stub piece is in a form of a fan, and the noise canceller comprises 
two or more the stub pieces, and one end of each of the stub pieces is 
pivotally supported on the outer bottom of the case. 
5 It Is also preferable that the electromagnetic shield is disposed on an 

inner bottom of the case, and the antenna unit further comprises a plate 
which is capacitively coupled to the electromagnetic shield through the 
bottom of the case, and one end of the stub piece is connected to the plate, 
and the stub piece is electrically connected to the electromagnetic shield 
10 through the plate. 

In this case, the plate may be attached to the outer bottom of the case, 
and the stub piece may be formed by cutting a part of the plate and bending 
it. 

Or, the stub piece may be insert-molded into the case together with 
15 the plate. 

Or, the antenna unit may further include a sheet member attached to 
the outer bottom of the case, and the plate and the stub piece may be 
formed in the sheet. Or, the antenna unit may further include a case cover 
attached to the outer bottom of the case, and the plate and the stub piece 

20 may be insert-molded Into the case cover. 

Or, the plate may be attached to the outer bottom of the case, and the 
stub piece may be in a form of a flat plate extending from the plate. In this 
case, preferably, the plate is provided with a vertical plate which 
electromagnetically insulates the antenna unit from the electronic device 

25 when the antenna unit Is connected to the electronic device. Or, it is also 
preferable that the plate and the stub piece are a fan-shaped plate, and the 
noise canceller comprises two or more said fan-shaped plates, and one end 
of each of the fan-shaped plates is pivotally supported on the outer bottom 
of the case. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view showing an antenna unit in accordance with a first 
embodiment of the present invention. 

FIG. 2 is a view showing the antenna unit connected to the PDA. 
5 FIG. 3 is a exploded view of the antenna unit. 

FIG. 4 is a view showing the antenna unit whose head cover and interface 
cover were removed. 

FIG. 5 is a rear view of a substrate and lO substrate of the antenna unit. 

FIG. 6 is a view for explaining a role of a stub piece of the antenna unit. 
10 FIG. 7 is a modified form of the stub piece of FIG 1 . 

FIG. 8 is a fragmentary sectional view of the antenna unit of FIG. 7. 

FIG. 9 is a modified form of the stub piece of FIG. 7. 

FIG. 10 is a modified form of the stub piece of FIG. 7. 

FIG. 1 1 is a modified form of the stub piece of FIG. 7. 
15 FIG. 12 is a modified form of the stub piece of FIG. 7. 

FIG. 13A is a view for explaining one of the methods for making the stub 

piece. 

FIG. 13B is a fragmentary sectional view of the antenna unit including the 
stub piece of FIG. 13A. 
20 FIG. 14A is a modified form of the stub piece of the antenna unit of FIG. 1 . 
FIG. 14B is a view of the stub piece of FIG. 14A in an extended state. 
FIG. 15A is a modified form of the stub piece of the antenna unit of FIG. 
14A. 

FIG. 15B is a view showing the antenna unit of FIG. 15A which is inserted 
25 into an electronic device. 

FIG. 16A is a modified form of the stub piece of the antenna unit of FIG. 1 . 
FIG. 168 is a view showing the stub piece of FIG. 16A which was extended 
one level. 

FIG. 160 is a view showing the stub piece of FIG. 168 which was extended 
30 one more levels. 
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FIG. 17 Is a modified form of the stub piece of the antenna unit of FIG. 1 . 
FIG. 18 is a modified form of the stub piece of the antenna unit of FIG. 1 . 
FIG. 19A is a modified form of the stub piece of the antenna unit of FIG. 1. 
FIG. 19B is a sectional view of the antenna unit of FIG. 19A. 
5 FIG. 20 is a modified form of the stub piece of the antenna unit of FIG. 19A. 
FIG. 21 is a modified form of the stub piece of the antenna unit of FIG. 1 . 
FIG. 22 is a modified form of the stub piece FIG. 21 . 
FIG. 23A Is a modified form of the stub piece FIG. 21 . 
FIG. 23B is a view of the stub piece of FIG. 23A in an opened state. 
10 FIG. 24A Is a modified form of the stub piece FIG. 23A. 

FIG. 24B is a view of the stub piece of FIG. 24A in an opened state. 

FIG. 25 is a view of an antenna unit In accordance with a second 

embodiment of the present invention. 

FIG. 26 is a view for explaining one of the methods for making the stub 
15 piece of FIG. 25. 

FIG. 27 is a view for explaining another method for making the stub piece of 
FIG. 25. 

FIG. 28 is a view of the antenna unit having a insert-molded stub piece and 
plate. 

20 FIG. 29 Is a modified form of the stub piece of the antenna unit of FIG. 25. 

FIG. 30 Is a modified form of the stub piece of the antenna unit of FIG. 29. 

FIG. 31 is a modified form of the stub piece of the antenna unit of FIG. 29. 

FIG. 32 is a modified form of the stub piece of the antenna unit of FIG. 29. 

FIG. 33A is a modified form of the stub piece of the antenna unit of FIG. 25. 
25 FIG. 338 is a view of the antenna unit to which the stub piece of FIG. 33A is 

attached. 

FIG. 33C Is a view showing the stub piece of FIG. 338 whose one end was 
cut. 

FIG. 34A Is a modified form of the stub piece of the antenna unit of FIG. 29. 
30 FIG. 348 is a view of the antenna unit of FIG. 34A in which the stub pieces 
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are connected to each other by a jumper. 

FIG. 35A is a modified form of the stub piece of the antenna unit of FIG. 25. 
FIG. 35B is a view of the antenna unit to which a head cover of FIG. 35A is 
attached. 

5 FIG. 36 is a modified form of the stub piece of the antenna unit of FIG. 25. 
FIG. 37 Is a modified form of the stub piece of the antenna unit of FIG. 36. 
FIG. 38A is a modified form of the stub piece of the antenna unit of FIG. 36. 
FIG. 38B is a view of the antenna unit of FIG. 38A whose plates were 
opened. 

10 FIG. 39A Is a modified form of the stub piece of the antenna unit of FIG. 36. 
FIG. 39B is a view of the antenna unit of FIG. 39A whose plates were 
opened. 

FIG. 40 Is a modified form of the stub piece of the antenna unit of FIG. 25. 
FIG. 41 is a modified form of the stub piece of the antenna unit of FIG. 25. 
15 FIG. 42 is a modified form of the stub piece of the antenna unit of FIG. 25. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, the present invention will be described in more detail with 
reference to the accompanying drawings. 

20 (a first embodiment) 

FIG. 1 shows an antenna unit In accordance with a first embodiment 
of the present invention. As shown In FIG. 2, the antenna unit is a GPS 
antenna unit, which is Inserted into a SD card interface of an electronic 
device, such as a PDA, a notebook, etc., and receives a satellite signal from 

25 a GPS satellite, and sends data, such as an actual location, to the electronic 
device. 

As shown in FIG. 3A, a case of the antenna unit is made of insulating 
resin, and it comprises a base 10, and a head cover 11 and an interface 
cover 12 which are attached to the base 10. 
30 As shown in FIG. 4, a substrate 20 is housed in a section of the base 
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10 which is covered by the head cover 11. Signal processing modules 
constituted by many circuit elements are mounted on both surfaces of the 
substrate 20, and they are surrounded by an electromagnetic shields 21 , 22 
provided on the both surfaces of the substrate 20. An antenna 23 for 
5 receiving the satellite signal from the GPS satellite is fixed on the 
electromagnetic shield 21 on the upper surface side of the substrate 20, and 
the antenna 23 is electromagnetically isolated from the signal processing 
modules by the electromagnetic shields. The signal processing modules 
demodulate the satellite signal received by the antenna 23 into GPS signal 

10 and convert the GPS signal into signal data based on the protocol of the SD 
(Secure Digital) standard, and transmit the signal data to the electronic 
device through a terminal interface 40 which will be described later. A 
circuit ground 24, which forms a ground of the signal processing module, is 
formed across both of the surfaces of the substrate 20, and the 

15 electromagnetic shields 21, 22 are electrically connected to the circuit 
ground 24. 

As shown in FIG. 5, a conductive stub piece 30 is connected to the 
electromagnetic shield 22 on the back side of the substrate 20. The stub 
piece 30 is made of a thin metal plate, and one end thereof is electrically 

20 connected to the electromagnetic shield and the other end thereof is a free 
end, that is, an electrical open end. The stub piece 30 is drawn from the 
base 10 to the outside through a hole 10A formed on the bottom of the base 
10 (see FIG. 1), and then it is adhered to the base 10 and the head cover 1 1 
along the outer surfaces thereof. The stub piece 30 will be described in 

25 more detail later. 

A terminal interface 40 is housed in a section of the base 10 which is 
covered by the interface cover 12. The terminal interface 40 comprises an 
lO substrate 40a, which is formed based on an interface standard for SD 
card, and flat cables 40b for connecting between the lO substrate 40a and 

30 the substrate 20. As shown in FIG. 5, an array of terminals 41, which is 
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adapted to be connected to an array of terminals provided in an interface of 
tlie electronic device when the antenna unit was inserted in the electronic 
device, is formed on the back side of the lO substrate 40a. As shown in 
FIG. 1, the array of terminals 41 is exposed to the outside through a plurality 
of holes provided in the base 10. The array of terminals 41 includes a 
ground terminal which is adapted to be connected to a ground terminal of 
the electronic device. The flat cables 40b include a ground line 42 leading 
from the ground terminal to the circuit ground 24 of the substrate 20. 

Hereinafter, the stub piece 30 will be described in more detail. The 
stub piece 30 constitutes a noise canceller for canceling noise generated in 
a CPU, etc. of the electronic device and transmitted to the circuit ground 24 
through the ground terminal of the array of terminals 41 and the ground line 
42. The length of the stub piece 30 is set to about 1/4 of a wavelength of 
the satellite signal. Concretely speaking, since the wavelength of a radio 
signal, such as the satellite signal, is represented by the following 
mathematical formula: A=C/f wherein "A" is the wavelength ([m]) of the radio 
signal, "C" is a speed of an electric wave (C = 3.0x10^ [m/s]), and "f" Is a 
frequency ([Hz]) of the radio signal, the length of the stub piece can be 
obtained by multiplying the wavelength A calculated by the above formula by 
1/4. For example, when the frequency of the satellite signal received from 
the GPS satellite is about 1.6 GHz (about 1575.42 MHz), the length of the 
stub piece is in a range from 4.0 to 5.0 [cm], and preferably, the length is 
about 4.7 [cm]. In the same way, when the frequency of the satellite signal 
is about 1.2 GHz, the length of the stub piece is in a range from 6.0 to 6.5 
[cm], and preferably, the length is about 6.3 [cm]. The function of the stub 
piece will be described below with reference to FIG. 6. For the sake of 
understanding, the stub piece is described in a straight line shape, in FIG. 6. 
The noise generated in the electronic device is transmitted to the 
electromagnetic shields 21, 22 and the antenna 23 through the ground 
terminal of the terminal interface 40, the ground line 42, and the circuit 
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ground 24. The noise reached the electromagnetic shield 22 is branched to 
a branched noise (B) which runs through the stub piece 30 and a straight 
noise (A) which runs through the electromagnetic shield 22 without being 
branched. The branched noise (B) runs toward the free end of the stub 
5 piece 30, and is totally reflected at the free end, and returns to the 

electromagnetic shield 22. Since the length of the stub piece 30 is about 
1/4 of the wavelength of the satellite signal, branched noise (B) having the 
same frequency as the satellite signal lags 180 degrees behind the straight 
noise (A) when the branched noise (B) goes to and from the stub piece 30 

10 one time, namely, when the branched noise (B) travels a distance of 

one-half of the wavelength of the satellite signal. Therefore, the straight 
noise (A) and the branched noise (B) which has gone to and from the stub 
piece 30 cancel each other out, so the ground noise is reduced. 

Although, in general, the noise on the ground line exists over a wide 

15 range of frequencies, the noise at about the same frequency as the satellite 
signal can be reduced by providing the stub piece 30 having the length of 
1/4 of the wavelength of the satellite signal, and the ground level at the 
frequency of the satellite signal can be stabilized. Thus, the antenna unit 
having the stub piece 30 can receive the satellite signal with high sensitivity. 

20 Of course, the stub piece 30 can reduce noise generated in the 

antenna unit itself as well as the noise transmitted from the electronic 
device. 

Although, in this embodiment, the stub piece 30 is connected to the 
electromagnetic shield 22 on the back side of the substrate 20, the stub 
25 piece 30 may be connected to the electromagnetic shield 21 on the front 
side of the substrate 20 or to the circuit ground 24. That is, the stub piece 
30 should just be electrically connected to a part where the noise on the 
ground is transmitted. 

Further, although the stub piece 30 of the present embodiment is 
30 made of a thin metal plate, the stub piece 30 may be made of a wire, such 
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as a lead wire, as shown in FIG. 7. As shown in FIG. 8, one end of the wire 
is connected to the electromagnetic shield 21 by solder, etc., on the front 
side of the substrate 20, and the wire is extracted to the outside from a hole 
11a provided in the head cover 1 1. The length of the wire from the one end 
5 thereof to the other end is about 1/4 of the wavelength of the satellite signal. 
In this case, because the wire is cheap, the increasing in cost necessary for 
the stub piece can be reduced. 

As shown in FIG. 9, the front end of the stub piece 30 made of a wire 
may be wound in a spring configuration. In this case, an overhang of the 

10 wire can be shortened. Alternatively, as shown in FIG. 10, the front end of 
the stub piece 30 may be wound along a plane perpendicular to the case. 
In this case, the overhang of the wire can be more shortened. Alternatively, 
as shown in FIG. 1 1 , the front end of the stub piece 30 may be wound along 
a plane parallel to the case. In this case, the stub piece does not project 

15 downward beyond the bottom of the case, therefore, the stub piece 30 will 
not receive an excessive pressure from a desk or a floor when the antenna 
unit is put on the desk or the floor, so, breakage of the stub piece 30 can be 
prevented. Alternatively, the front end of the stub piece 30 may be bent 
within a width of the case, as shown in FIG. 12. 

20 As shown in FIG. 13A and FIG, 13B, the stub piece 30 may be formed 

by cutting a part of the upper surface of the electromagnetic shield 21 on the 
front side of the substrate 20 and bending it. The length of the stub piece 
30 from the root thereof to the tip is about 1/4 of the wavelength of the 
satellite signal. In this case, the material of the stub piece 30 can be 

25 reduced. Of course, the stub piece 30 may be formed by cutting a part of 
the electromagnetic shield 21 on the backside of the substrate 20 and 
bending it. 

As shown in FIG. 14A and FIG. 14B, the stub piece 30 may be a rod 
member which is extendable relative to the case. In FIG. 14A and FIG. 
30 14B, the base 10 has a receptacle 60 on its backside which has a vertically 
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long space inside it, and the rod-like stub piece 30 can be put in the 
receptacle 60. A bead-like hardware 61 is built in the upper part of the 
receptacle 60 and is electrically connected to the electromagnetic shield 22. 
An intermediate part of the stub piece 30 can pass through the bead-like 
5 hardware 61. The stub piece 30 has a conductive surface 31 at the lower 
end thereof, which is exposed to the outside. As shown In FIG. 14B, when 
the stub piece 30 was pulled up from the receptacle 60, the conductive 
surface 31 is engaged with the hardware 61 , so that the stub piece 30 is 
electrically connected to the electromagnetic shield 22. The length of the 

10 stub piece 30 from the conductive surface 31, namely the lower end, to the 
tip thereof is about 1/4 of the wavelength of the satellite signal. In this case, 
while the stub piece 30 is housed in the receptacle 60, the stub piece 30 is 
not connected to the electromagnetic shield 22, so the stub piece 30 does 
not work as the noise canceller. Therefore, a user can put the stub piece 

15 30 in the receptacle 60 while there is little influence of the ground noise or 
while the user does not use the antenna unit, and the user can pull up the 
stub piece 30 and use it only when receiver sensitivity deteriorates. In this 
case, breakage of the stub piece 30 can be prevented while the stub piece 
is not used. 

20 Preferably, as shown in FIG. 15A, the stub piece 30 is provided with a 

pushrod 32, which is made of a nonconductive material and extends from 
the bottom of the conductive surface 31 of the stub piece 30 and penetrates 
the bottom of the receptacle 60. In this case, as shown in FIG. 15B, when 
the antenna unit was inserted into the interface of the electronic device such 

25 as a PDA, the lower end of the pushrod 32 is pushed by a side surface of 
the electronic device, so that the stub piece 30 is automatically pulled up. 
Therefore, time and effort to pull up the stub piece 30 can be saved. 
Because the pushrod 32 is a nonconductor, it does not have an influence on 
the function of the noise canceller. 

30 Alternatively, as shown in FIGS. 16A to 16C, the stub piece 30 may 
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be configured so that the stub piece itself can be extensible. In this case, 
as shown in FIG. 16A, breakage of the stub piece 30 can be prevented by 
just shrinking the stub piece 30 as far as possible. Further, as shown in 
FIG. 16B and FIG. 16C, a user can select a proper length of the stub piece 
5 with respect to the satellite signals of different frequencies (for example, 
about 1.6 GHz or 1.2 GHz) by extending one or more levels of the stub 
piece 30. 

Alternatively, as shown in FIG. 17, the stub piece 30 may be the rod 
member and a receptacle 70 having an insertion hole 71 into which the 

10 lower end of the stub piece 30 can be inserted may be provided on the 
backside of the case. The inner surface of the insertion hole 71 is 
electrically connected to the electromagnetic shield 22. The conductive 
surface 31 is exposed to the outside at the lower end of the stub piece 30 
and is electrically connected to the electromagnetic shield 22 through the 

15 inner surface of the Insertion hole 71 . The length of the stub piece 30 from 
the conductive surface 31 to the tip thereof is about 1/4 of the wavelength of 
the satellite signal. The insertion hole 71 is horizontally long, and a user 
can continuously shift a position of the stub piece 30 inserted into the 
insertion hole 71 along the lateral direction of the insertion hole 71 by hand. 

20 The receiver sensitivity may be improved by shifting the insertion position of 
the stub piece 30 continuously. Further, while the stub piece 30 is not used, 
breakage of the stub piece 30 can be prevented by detaching the stub 
piece. 

Alternatively, as shown in FIG. 18, two or more receptacles 70 may be 
25 provided on the backside of the case, and the stub piece 30 may be inserted 
into the insertion hole 71 of any one of the receptacles 70. The inner 
surfaces of all insertion holes 71 are electrically connected to the 
electromagnetic shield 22. The conductive surface 31 is exposed to the 
outside at the lower end of the stub piece 30, and is electrically connected 
30 to the electromagnetic shield 22 through the inner surface of the insertion 
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hole 71 . The receiver sensitivity may be improved by shifting the insertion 
position of the stub piece 30 discontinuously. 

Alternatively, as shown in FIG. 19A, the stub piece 30 may be a rod 
member whose one end is pivotally supported on the outer bottom of the 
case. The one end of the stub piece 30 is supported on the outer bottom of 
the case by a conductive screw 80. As shown in FIG. 19B, the tip of the 
screw 80 penetrates the base 10 and is electrically connected to the 
electromagnetic shield 22. The stub piece 30 is electrically connected to 
the electromagnetic shield 22 through the screw 80. The length of the stub 
piece 30 from the one end thereof to the tip is about 1/4 of the wavelength of 
the satellite signal. The screw 80 fixes the base 10 to the head cover 1 1 as 
well as supports the stub piece 30. In this case, the stub piece 30 can be 
hidden behind the case in a situation where the stub piece 30 gets in the 
way, for example, in a situation where the antenna unit is not used. 
Furthermore, it is easy to install the stub piece 30 because the stub piece 30 
can be installed on the backside of the antenna unit after assembling the 
antenna unit. A stopper for restricting the rotation of the stub piece 30 may 
be provided on the case. If the stub piece can not be hidden behind the 
case, the stub piece 30 may be bent, as shown in FIG. 20. 

The form of the stub piece 30 is not limited to the line shape (the 
straight line shape or the curved line shape) as described above, but it may 
be In a form of a rectangular flat plate, as shown in FIG. 21. In FIG. 21, 
one edge of the stub piece 30 is fixed on the outer bottom of the case by the 
screws 80. The tips of the screws 80 penetrate the base 10 and electrically 
connected to the electromagnetic shield 22. The length of the stub piece 
30 from each screw 80 to the front edge is about 1/4 of the wavelength of 
the satellite signal. Further, it is preferable that, as shown in FIG. 22, the 
stub piece 30 is extended toward the interface cover 12 side, and is 
provided with a vertical plate 90 which electromagnetically insulates the 
antenna unit from the electronic device when the antenna unit is connected 
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to the electronic device, namely when the antenna unit is inserted into the 
electronic device. In this case, it becomes easy to block the noise 
propagated to the antenna unit from the electronic device through midair by 
the vertical plate 90, so the unit can enhance the effect of reducing the 
5 noise. For information, in FIG. 22, the longitudinal length of a main body of 
the antenna unit is about 7cm, the width thereof is about 3cm, and the 
height thereof is about 1.4 cm. And, the length and width of the stub piece 
30 are about 7 cm, respectively, and the longitudinal length of the stub piece 
which projects from the head cover 1 1 in the plan view is about 4cm. The 

1 0 height of the vertical plate 90 is about 3 cm. 

It is also preferable that, as shown in FIG. 23A and FIG. 23B, the stub 
piece 30 is a fan-shaped plate, and the antenna unit is provided with two or 
more stub pieces as the noise canceller, and one end of each of the stub 
pieces 30 is pivotally supported on the outer bottom of the case by a screw 

15 80. The tip of the screw 80 penetrates the base 10 and is electrically 
connected to the electromagnetic shield 22. The length of each of the stub 
pieces from the screw 80 to the front edge thereof is about 1/4 of the 
wavelength of the satellite signal- As shown in FIG. 23B, a user can 
spread those stub pieces 30 to one fan shape to give an uniform stub length 

20 over a predetermined direction around the antenna unit. Thus, the effect of 
reducing the noise can be enhanced. The stub pieces will not get in the 
way of the user by being grouped together while they are not used. As 
shown in FIG. 24A, if the stub pieces 30 are fixed on the front edge side of 
the base 10, a user can hide the stub pieces 30 behind the case when the 

25 user does not use the stub pieces, so the stub pieces will not get in the way 
of the user more. When the user wants to use the stub pieces 30, the user 
can rotate the stub pieces 180 degrees, and spread them to the fan shape, 
as shown in FIG. 24B. 

Although the GPS antenna unit is described in this embodiment, the 

30 antenna unit of the present invention is not limited to the GPS antenna unit. 
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For example, the antenna unit may be a LAN antenna unit wliicli will be 
inserted into the electronic device such as a notebook and receive a 
wireless LAN signal and transmit the received signal to the electronic device. 
Further, although the antenna unit in this embodiment has an interface for a 
5 SD card, the unit may have an interface based on another standard, of 
course. 

(a second embodiment) 

FIG. 25 shows an antenna unit in accordance with a second 

10 embodiment of the present invention. The basic composition of this 
embodiment is identical to the first embodiment, so the similar part of these 
embodiments are identified by the same reference character and no 
duplicate explanation is made here. 

In this antenna unit, a plate 100 made of a thin metal plate is bonded 

15 to the outer bottom of the case, and is capacitively coupled to the 
electromagnetic shield 22 disposed on an inner bottom of the base 10 
through the bottom of the base. The stub piece 30 is made of a thin metal 
plate, and one end thereof is electrically connected to the plate 100. The 
stub piece 30 is electrically connected to the electromagnetic shield 22 

20 through the plate 100. The length of the stub piece 30 is about 1/4 of a 
wavelength of the satellite signal. 

In this embodiment, the noise generated in the electronic device is 
transmitted to the plate 100 capacitively coupled to the electromagnetic 
shield 22, through the ground terminal of the terminal interface 40, the 

25 ground line 42, and the circuit ground 24. A part of the noise transmitted to 
the plate 100 is branched to the stub piece 30 and is totally reflected at the 
free end of the stub piece 30. Then, the noise branched to the stub piece 
30 and the noise running through the plate 100 without being branched 
cancel each other out on the same principle as the first embodiment, so that 

30 the ground noise at about the same frequency as the satellite signal can be 
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reduced. Thus, the antenna unit having the stub piece 30 can receive the 
satellite signal with high sensitivity. 

In this embodiment, it is easy to manufacture the antenna unit 
because the noise canceller can be constructed by just bonding the plate 
5 100 and the stub piece 30 to the case after assembling the antenna unit. 

Instead of forming the stub piece 30 from a metal plate separate from 
the plate 100, the stub piece 30 may be formed from the same metal plate 
as the plate 100, as shown in FIG. 26. Alternatively, as shown in FIG. 27, 
the stub piece 30 may be formed from the plate 100 by cutting a part of the 

10 plate 100 and bending it. In this case, the material of the stub piece 30 can 
be reduced, if the stub piece 30 is too thin, the stub piece 30 is easily 
damaged. So, it is preferable that the stub piece 30 has a certain degree 
of thickness, if the stub piece 30 is used in a situation where it is exposed 
outwardly, not bonded to the outer surface of the head cover 1 1 as the stub 

15 piece of FIG. 25. For information, even if the stub piece 30 is formed by 
cutting a part of the plate 100, it does not affect the capacity coupling 
between the plate 100 and the electromagnetic shield as long as the length 
of the stub piece is about 1/4 of the wavelength of the satellite signal. 

Alternatively, as shown in FIG. 28, the stub piece 30 may be 

20 insert^molded into the case together with the plate 100. In FIG. 28, the 
plate 100 is insert-molded into the bottom of the base 10 so that it will make 
the capacity coupling with the electromagnetic shield 22. The stub piece 
30 comprises two separate parts; a part which is extended from the plate 
100 and insert-molded into the base 10, and a part insert-molded into the 

25 head cover 11. And, when the base 10 and the head cover 11 were 
assembled, these two parts are electrically connected to each other. The 
length from the connection between the plate 100 and the stub piece 30 to 
the tip of the stub piece 30 inside the head cover 11 is about 1/4 of the 
wavelength of the satellite signal. In this case, the number of parts can be 

30 reduced, thus it becomes easy to assemble the antenna unit. 
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Alternatively, as shown in FIG. 29, the antenna unit may further 
include a thin and nonconductive sheet 110. The sheet 110 is attached to 
the outer bottom of the case, and the plate 100 and the stub piece 30 are 
formed in the sheet 110. The plate 100 is capacitively coupled to the 
5 electromagnetic shield 22 through the bottom of the base 10 when the sheet 
110 is attached to the outer bottom of the case. In this case, it is easy to 
manufacture the antenna unit because the noise canceller can be 
constructed by just attaching the sheet 110 to the case after assembling the 
antenna unit. 

10 The shape of the stub piece 30 in the sheet 110 may be a meander 

shape as shown in FIG. 30, or may be a convoluted shape as shown in FIG. 
31 . In each case, the overhang of the sheet 110 can be shortened. 

Preferably, as shown in FIG. 32, one or more perforations 120 along 
which the end of the stub piece 30 can be torn are made on the sheet 110. 

15 In this case, the length of the stub piece 30 can be adjusted by tearing the 
end of the stub piece 30 from the sheet, so that a user can select a proper 
length of the stub piece with respect to the satellite signals of different 
frequencies (for example, about 1.6 GHz or 1.2 GHz). 

The shape of the sheet 110 is not limited to a rectangle, but it may be 

20 a shape which was cut out along the shape of the plate 100 and the stub 
piece 30, as shown in FIG. 33A. In this case, as shown in FIG. 33B, the 
sheet 110 can be pasted on the outer surface of the case, so that the 
overhang of the sheet 110 can be eliminated. In this case, too, one or 
more perforations 120 along which the end of the stub piece 30 can be torn 

25 may be made on the sheet 110, as shown in FIG. 33A, so as to adjust the 
length of the stub piece, as shown in FIG. 33C. 

Alternatively, as shown in FIG. 34A, the stub piece 30 may be divided 
Into two or more in the sheet 110, and as shown In FIG. 34B, the divided 
stub pieces 30 may be connected to each other by a conductive jumper 130, 

30 if needed. In this case, a user can select a proper length of the stub piece 
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according to the wavelength of the satellite signal by attaching the jumper 
130 or removing it. 

Alternatively, as shown in FIG. 35A, the antenna unit may be provided 
with a plastic case cover 140, which can be attached to the outer bottom of 
5 the case as well as the side faces of the head cover 11, and the plate 100 
and the stub piece 30 may be insert-molded into the case cover 140. The 
plate 100 is disposed on the bottom of the case cover 140, and, as shown in 
FIG. 35B, when the case cover 140 was attached to the outer bottom of the 
case, the plate 100 will be capacitively coupled to the electromagnetic shield 
10 22 through the base 10. In this case, since the noise canceller can be 
constructed by just attaching the case cover 140 to the antenna unit, the 
noise cancellation function can be easily added to the conventional antenna 
unit. 

Alternatively, as shown in FIG. 36, the stub piece may be in a form of 

15 a flat plate extending from the plate 100 attached to the outer bottom of the 
case. That is, the plate 100 and the stub piece 30 may be a single 
conductive flat plate 150 attached to the outer bottom of the case. A 
section of the flat plate 150 located on the bottom of the base 10 and 
capacitively coupled to the electromagnetic shield 22 acts as the plate 100, 

20 and a section of the flat plate 150 projecting from the base 10 acts as the 
stub piece 30 whose one edge is connected to the plate 100. The length of 
the section of the flat plate 150 projecting from the base 10 is about 1/4 of 
the wavelength of the satellite signal. As mentioned above, the shape of 
the stub piece 30 is not limited to the line shape (the straight line shape or 

25 the curved line shape), but it may be in the form of the flat plate. As shown 
in FIG. 37, it is preferable that the plate 100 is provided with a vertical plate 
160 on the other side of the stub piece 30, which electromagnetically 
insulates the antenna unit from the electronic device when the antenna unit 
is connected to the electronic device, namely when the antenna unit is 

30 inserted into the electronic device. In this case, it becomes easy to block 
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the noise propagated to the antenna unit from the electronic device through 
midair by the vertical plate 160, so the unit can enhance the effect of 
reducing the noise. 

It is also preferable that, as shown in FIG. 38A and FIG. 38B, the 
5 plate 100 and the stub piece 30 are one fan-shaped plate 170, and the 
antenna unit is provided with two or more plates 170 as the noise canceller, 
and one end of each of the plates 170 is pivotally supported on the outer 
bottom of the case by the screw 80. As shown in FIG. 38B, a user can 
spread those plates 170 to one fan shape. In this case, a section of the 

10 plate 170 located on the bottom of the base 10 and capacitively coupled to 
the electromagnetic shield 22 acts as the plate 100, and a section of the 
plate 170 projecting from the base 10 acts as the stub piece 30. The length 
of the section of the plate 170 projecting from the base 10, that is, the 
section which acts as the stub piece, is about 1/4 of the wavelength of the 

15 satellite signal. When the plates 170 is spread to the one fan shape, they 
can give an uniform stub length over a predetermined direction around the 
antenna unit, so that they can enhance the effect of reducing the noise. 
The plates 170 will not get in the way of the user by being grouped together 
while they are not used. 

20 As shown In FIG. 39A, when the plate 170 are fixed on the front edge 

side of the base 10, a user can hide the plate 170 behind the case while 
they are not used, so the plate 170 will not get in the way of the user more. 
As shown in FIG. 39B, when a user wants to use the stub pieces 30, the 
user can rotate the plate 180 degrees and spread them to the fan shape. 

25 Based on the construction shown in the first embodiment, various 

modifications in which the stub piece 30 is electrically connected to the 
electromagnetic shield 22 through the plate 100 may be easily made other 
than the above mentioned construction. For example, FIG. 40 shows a 
modified form based on FIG. 14B of the first embodiment. In FIG. 40, the 

30 hardware 61 is electrically connected to the plate 100, not to the 
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electromagnetic shield 22, and the stub piece 30 is electrically connected to 
the electromagnetic shield 22 through the hardware 61 and the plate 100. 
And, FIG. 41 shows a modified form based on FIG. 17 of the first 
embodiment. In FIG. 41, the inner surface of the insertion hole 71 is 
electrically connected to the plate 100, not to the electromagnetic shield 22, 
and the stub piece 30 is electrically connected to the electromagnetic shield 
22 through the inner surface of the insertion hole 71 and the plate 100. 
Further, FIG. 42 shows a modified form of FIG. 19A in the first embodiment. 
In FIG. 42, the screw 80 is electrically connected to the plate 100, and the 
stub piece 30 is electrically connected to the electromagnetic shield 22 
through the screw 80 and the plate 1 00. 

As mentioned above, as many apparently widely different embodiments of 
this invention may be made without departing from the spirit and scope thereof, it 
is to be understood that the invention is not limited to the specific embodiments 
thereof except as defined in the appended claims. 



